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Description 



The present invention relates to a primary cooling method in continuously annealing steel strip, and nnore 
particularly to a rapid cooling in the primary cooling step by blowing inert atmosphere gas that contains H2 gas as 
cooling gas. 

Because of being too hard and thereby exhibiting almost no workability, a steel strip after cold rolfing cannot be 
subjected to press forming and hence cannot be put into practical use so long as no further treatment is effected. 
To improve the workability of the steel strip, it is necessary to increase the grain size of the steel strip 
sufficiently, and to reduce the amount of solid-solution state carbon contained in the steel strip as small as possible. 

To this end, continuous annealing treatment including soaking, primary cooBng and overaging is performed. iVIore 
specifically, a steel strip after cold rolling is heated above the recrystallization temperature and is kept at the 
soaking temperature of 700 - 850 °C for a certain period of time for growth of crystal grains. During the soaking 
step, the dissolved carbon is generated in solid-solution state, and it muist be settied to be harmless in the 
succeeding steps. Therefore, in the first half of the primary cooling, the steel strip is slowly cooled down to a 
certain temperature (600 - 700 °C ) so as to increase the amount of solid-solution state carbon in the ferrite 
matiix, and to prevent deterioration of flatness of the steel strip such as cooling buckle for achieving 
satisfactory operation. In the second half of the primary cooling, the steel strip is rapidly cooled down to the 
overaging temperature (about 400 *'C). Then tiie steel strip is kept at the overaging temperature for a certain period 
of time so that the solid-solution state carbon is precipitated as cementite for reducing the amount thereof. Lastly 
the steel strip is subjected to the final cooling. 

Where ^cooling by water-gas mixture is performed in the second half of the primary cooling to rapidly cool the 
steel strip, an oxide film is formed on the surface of the steel strip so that a post-treatment such as acid 
pickling is required immediately after the continuous annealing. In view of the above, a method of cooling a steel 
strip by blowing inert atmosphere gas on basis upon it wherein the cooling gas contains a large amount of gas 
that has a great cooling ability, is proposed in Japanese Patent Publication No. Sho 55-1969 and Japanese Patent 
Laid-Open Publication No. Hei 6-346156, for example. 

Although the above-cited Publications suggest the concentration of H2 gas being adjusted within the range of 8 - 
90 %, the following problems have not yet been resolved satisfactonTy. 

(1) While an increase in the concenti-ation of Hj gas surely increases the cooling ability, such an increase of 
the H2 gas concetration pushes up the running cost 



(2) If the concentration of Hj gas is lowered and the blowoff speed of the gas from nozzles is raised, a higher 
cooling ability can -be achieved.-However.-lf-the blowoff speed exceeds a certain , value, the running, steel strip 
tends to flutter and suffer from scratches on the surface thereof. 

(3) Also, if the cooling gas containing H2 gas is recirculated and only the loss is supplied, the coofing gas can 
be used efficiently. In this case, however, since the cooling gas is heated by the steel strip to be cooled and 
consequently becomes a high temperature gas, the cooling efficiency of cooling gas is lowered. In this manner, 
the appropriate temperature of the cooling gas has not been taken into consideration in the prior art 



The present invention has been made In view of these drawbacks of the conventional method, and its object is to 
provide a primary cooling method in continuously annealing steel strip more efficiently and in a more inexpensive 
manner, wherein the concentration of Hj gas. the temperature of cooling gas and the blowing speed of the cooling gas 
are appropriately selected on the basis of the results of various experiments. 

45 To achieve the above object, according to the present invention, there is provided a primary cooDng method in 

continuously annealing steel strip comprising a heating step, a soaking step, a primary cooling step said primary 
cooling step including a rapid cooling step at least In a second half thereof, an overaging step, and a final 
cooling step, which is characterized in that inert atmosphere gas containing Hj gas in the concentration of 30 - 60 % 
vol. is employed as cooling gas for use in the rapid cooling step, the blowoff temperature of the cooling gas is 30 - 

50 1 50 "C, and the blowoff speed of the cooling gas is 1 00 - 1 50 m/sec. 

Here, the term " blowoff speed " means the speed at which the cooling gas blown upon the steel stirip is ejected 
from nozzles. 

In the above primary cooling step, preferably, the start temperature of the rapid cooling step is 600 - 700 *C, 
the end temperature of the rapid cooling step is 200 - 450 "C, and the relationship between the cooling rate CR 
55 f C/sec) in the rapid cooling step and the strip thickness t (mm) is determined to meet the following formula(l): 



In the above primary cooling step, further preferably, the cooling gas is blown by employing a plurality of 
nozzles each having a circular hollow cross section and projecting toward the steel strip, and a distance between 
tip ends of the nozzles and the steel strip is determined to be not greater than 70 mm. In the above primary cooling 
step, still further preferably, a gas sealing is effected between a zone for rapid cooling step and adjacent zones. 



30 



40 



CR t^60°C mm/sec 
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and a protection system against explosion is provided in the zone for rapid cooling step. 
The invention will be explained in detail in connection with the drawings. In which 

Fig. 1 is an explanatory view of a continuous annealing line for sheet to which Is applied a primary cooling 
method in continuously annealing steel strip according to one embodiment of the present invention, 

Fig. 2 is a graph showing the relationship between the passing time and the temperature of a steel strip in the 
furnace section of continuous annealing line, 

Fig. 3 is a perspective view of an apparatus for carrying out rapid cooling step, 
Fig. 4 is a front view of a blow gas box and nozzles thereon for ejecting cooling gas. 
Fig. 5 is a sectional view of the blow gas box and nozzles. 

Fig. 6 is a graph showing the relationship between the nozzle opening area ratio and the blower power index, 

Fig. 7 is a graph showing the relationship between the quotient of inner diameter of nozzle aperture to blowoff 
distance and the blower power index, 

Fig. 8 is an explanatory view of a gas sealing apparatus, 

Fig. 9 is a graph showing the relationship between the upper limit of the cooling gas blowoff speed which can 
prevent the steel strip fluttering and the I-I2 gas concentration in the cooling gas. 

Fig. 10 is a graph showing the relationship between the Hj gas concentration and the operation cost index for the 
25 rapid cooling zone, 

Fig. 11 is another graph showing the relationship between the H2 gas concentration and the operation cost index 
for the rapid cooling zone, 

30 Fig. 12 is a graph showing the relationship between the passing time and the temperature of the steel strip in a 

rapid cooling zone, and 
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Fig. 13 is a graph showing the relationship between the H2 gas concentration and the heat transfer coefficient 



The present invention will be described in more detail in conjunction with the accompanying drawings. 
A furnace section (hereinafter referred to as a continuous annealing furnace) 10a of a continuous annealing line 
10 to which a primary cooling method in continuously annealing steel strip according to one embodiment of the 
present invention is applied is shown in Fig. 1. As shown in the drawing, the continuous annealing furnace 10a 

40 comprises a heating zone 1 1 , a soaking zone 12, a primary cooling zone 1 3, an overaging zone 14, and a final cooling 
zone 15 as a secondary cooling zone. The primary cooling zone 13 consists of a slow cooling zone 13a in the first 
half and a rapid cooling zone 13b in the second half. 

On the entry side of the continuous annealing furnace 10a, there are a recoiler 16 for unreeling a material coil, 
a welder 17 for joining preceding and succeeding steel strips 26 together, a pretreatment apparatus 18 for 

45 performing electrolytic cleaning and the like, and an entry looper 19. On the delivery side of the continuous 
annealing furnace 10a, there are a delivery looper 20, a temper rolling mill 21, a finishing apparatus 22 for 
performing treatment such as side trimming. Inspection and oiling of steel strip, a dividing shear 23 for cutting 
the steel strip 26 in units of product coils, and a coiler 24 for reeling a product coil around the same. 

Fig. 3 shows a rapid cooling apparatus 13c which constitutes the rapid cooling zone 13b in the second half of the 

QQ primary cooling zone 13. Blow gas boxes 27 and 28 are provided so as to sandwich a steel strip 26 supported by a 
plurality of stabilizing rolls 25. A unified blow duct 30 for supplying cooling gas is connected to one sides of the 
blow gas boxes 27 and 28 located at one side of the steel strip 26 through branched blow ducts 29 being Y-shaped in 
cross-section and then a plurality of dampers 27a and 28a in parallel. 

Suction ducts 31 for collecting the cooling gas blown upon the steel strip 26 are provided at the other side of 
the steel strip 26. These ducts 31 for collecting the cooling gas are connected to the upper portion of the unified 
suction duct 31a which is provided with a heat exchanger 32 at the lower portion thereof which uses water or the 
like as a coolant The heated cooling gas is cooled by the heat exchanger 32 and introduced to a blower 34 through a 
lower duct 33, Note that in addition to the heat exchanger 32, a refrigerator using fluorocarbon, ammonia or the 
like as a coolant may also be provided to further cool the cooling gas having been cooled by the heat exchanger 32. 
In Fig. 3, numeral 35 denotes a driving motor for the blower 34 and each arrow in the drawing indicates a flow 
direction of the cooling gas. 

The blow gas box 27 (or 28) is shown in Figs. 4 and 5. A multiplicity of nozzles 36 each being formed of a short 
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tube are provided on the front surface of the blow gas box 27. Each nozzJe 36 is made of a cyflndiical tube having a 
circular hollow cross section and projects toward the steel strip 26. The inner diameter of the blowoff opening of 
the nozzle 36 is, for example, 9.2 mm. These nozzles 36 are arrayed on the front surface of the blow gas box 27 
in a zigzag pattern. Also, the nozzles 36 are so formed that a total opening area of the nozzles occupies 2 to 4 % of 
the front surface area of the blow gas box 27 and the cooling gas is blown through all the nozzles 36 at a uniform 
flow rate. Fig. 6 shows the relationship between the nozzle opening area ratio ( percentage of opening areas of the 

^ nozzles 36 to the front surface area of the blow gas box 27 ) and the motor power index of the blower 34, As shown 
in Rg. 6, maximum efficiency results at the nozzle opening area ratio of about 2 to 4 %. This result Is construed 
from the reason that so long as the amount of cooling gas blown from the nozzles 36 is the same, if the opening area 
percentage of the nozzles 36 exceeds 4 %, the flow speed of the cooling gas is excessively lowered, while if the 
opening area percentage of the nozzles 36 does not exceed 2 %, the flow speed Is excessively increased, thus 
producing a large pressure loss at the nozzles 36. 

Further, the distance from the tip ends of the nozzles 36 to the surface of the steel strip 26, namely, the 
blowoff distance d as shown In Fig. 5, is determined to be not greater than 70 mm. and the projecting length of each 
nozzle 36 is set to be not less than (100 mm - d). The reason is that if the distance d from the nozzles 36 to the 
steel strip 26 is increased, the flow speed of the cooling gas blown upon the surface of the steel strip is much 

^5 attenuated. The reason of setting the projecting length of each nozzle 36 to be not less than (100 mm - d) is to 
define an escape space of the cooling gas among the projecting nozzles 36 thereby not only to improve cooling 
efficiency by preventing the cooling gas having been blown upon and heated by the steel strip from residing on the 
surface of the steel strip and disturbing the cooling performance, but also to improve cooling uniformity in the 
direction of width of the steel strip. 

20 The inner diameter of the blowoff opening will now be considered. Fig. 7 shows the relationship between the 

quotient of inner diameter of nozzle aperture to the blowoff distance d and the power index of the blower 34. As 
seen in the drawing, the power of the blower 34 is reduced as the quotient of inner diameter of nozzle aperture to 
blowoff distance decreases. Also, in order to realize a high cooling ability by blowing the cooling gas tii rough the 
nozzles 36, it is required to arrange the nozzles 36 at high density such that those portions of individual jet 

25 streams of the cooling gas which are located near the nozzle axes and have a maximum cooling ability are densely and 
uniformly distributed over the steel strip 26. Accordingly, the Inner diameter of the nozzle aperture should be as 
small as possible. However, an excessive reducing of the inner diameter of the nozzle aperture would lead to a 
disadvantage that the number of nozzles is to be increased and the cost of the facility and maintenance Is pushed 
up. Taking into account these cont-adctory aspects, the inner diameter of the nozzle opening is preferably set to 

30 be not larger than one fifth of the distance d, but not less than 3 mm at which the blowoff opening can be machined 
practically. 

If any different kind of gas is mixed into the rapid cooling zone 13b either from the slow cooling zone 13a or 
from the overaging zone 14 which is disposed adjacent to the rapid cooling zone 13b, this would give rise to a 
problem of reducing the Ha concentration In the cooling gas in the rapid cooling zone 13b and hence lowering the 

35 cooling ability thereof. Also, because inert atmosphere gas which contains H2 gas in a high concentration is employed 
as the cooling gas in the rapid cooling zone 13b, the rapid cooling zone 13b must be equipped with an anti-explosion 
system. Therefore, a gas sealing apparatus 38 as shown In Fig. 8 is provided on each of the upstream and downstream 
sides of the rapid cooling zone 13b in the second half of the primary cooling zone 13 In tiie continuous annealing 
fine 10, While the gas sealing apparatus 38 Interposed between the rapid cooling zone 13b and the overaging zone 14 

40 will be described below, the gas sealing apparatus 38 interposed between the slow cooling zone 13a and the rapid 
cooling zone 13b also has the same structure. 

Between an exit 39 of the rapid cooling zone 13b and an entrance 40 of the overaging zone 14. the gas sealing 
apparatus 38 is provided. The gas sealing apparatus 38 comprises gas suction chambers 42 disposed above and below 
the running steel strip 26 and having slit like suction openings 41 which face the top and bottom surfaces of the 

45 steel strip 26, and pairs of atmosphere gas blow chambers 45 and 46 disposed at both sides of the upper and lower 
gas suction chambers 42 and having slit-like blowoff openings 43 and 44 which also face the corresponding surfaces 
of the steel strip 26. 

The cooling gas in the rapid cooling zone 13b is supplied through a circulation blower 47 to the upper and lower 
gas blow chambers 45 on the entry side of the steel strip 26, and is tiien blown upon botii the top and bottom 
50 surfaces of the steel strip 26 to form a stream of the gas flowing from the blowoff openings 43 toward the rapid 
cooling zone 13b, thereby preventing the gas from coming out of the rapid cooling zone 13b and entering the gas 
sealing apparatus 38. Likewise, the atmosphere gas in the overaging zone 14 is supplied through a circulation blower 
48 to the upper and lower gas blow chambers 46 on the delivery side of the steel strip 26 to fonn a stream of the 
gas flowing fi-om the blowoff openings 44 toward the overaging zone 14, thereby preventing the gas from coming out of 
the overaging zone 14 and entering the gas sealing apparatus 38. 

A part of tiie cooling gas ejected from the blowoff openings 43 flows in the feed direction of the steel strip 26, 
and a part of the atmosphere gas ejected from the blowoff openings 44 flows in a direction opposite to the feed 
direction of the steel sfrip 26. However, since the gas suction chambers 42 are disposed between tiie gas blow 
chambers 45 and 46, those parts of the cooling gas and the atmosphere gas are sucked through the suction openings 
41 and discharged to the exterior by an exhaust blower 49, Corresponding to shortage of the gases in the rapid 
cooling zone 13b and the overaging zone 14 resulting fronn being discharged witii the operation of the exhaust blower 
49, the cooling gas and the atmosphere gas prepared in advance are supplied to the respective zones. 
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It is therefore possible to prevent the cooling gas containing high concentration H2 gas from the rapid cooling zone 
13b from entering the overaging zone 14, thereby achieving positive gas sealing, to keep the component 
concentrations of the cooling gas constant, and to avoid leakage of high concentration H2 gas to save the consumption 
of the expensive gas and ensure safety in the operation. 

A description will nov^ be made of the outiine of the operation of the continuous annealing line 10 referring to 
Figs. 1 and 2, focusing on the primary cooling method in continuously annealing steel strip according to one 
embodiment of the present invention. 

The steel stip 26 unreeled from the recoiler 16 is joined to another preceding steel strip by the welder 17, and 
then sent to the pretreatment apparatus 18 including an electrolytic cleaner and the like. After that, the steel 
strip 26 is supplied through the entry iooper 19 to the heating zone 11 of the continuous annealing furnace 10a 
where it is heated above the recrystailization temperature (heating step A). Subsequently, the steel strip 26 is 
supplied to the soaking zone 12 where it is kept at the temperature of 700 - 850 *'C for a certain period of time 
(soaking step B). During these steps A and B, the steel strip 26 is recrystallized and the grain growtti proceeds, 
whereby it is softened and exhibits high workability. However, because cartsides in the steel strip 26 are dissolved 
in the matrix when the steel strip 26 is subjected to thermal treatment at a high temperature, a large amount of 
carbon in solid-solution state would exist In the steel strip 26 if the steel strip 26 is cooled directiy after the 
soaking step. The presence of carbon in solid-solution state is not desirable for the reason that such carbon is 
precipitated with time to make the steel strip 26 harder and cause a large yield point elongation. 

To reduce the amount of solid-solution state carbon in the steel strip 26 as far as possible, therefore, the steel 
strip 26 is subjected to overaging treatment in the overaging zone 14 after the soaking treatment In the overaging 
zone 14, the steel strip 26 is left to stand for a certain period of time in a certain temperature range 
20 (approximately 400 **C) so as to allow the solid-solution state carbon to be diffused. As a result, the solid- 
solution state cart>on is precipitated as cementite (FesC) and the amount of solid-solution state carbon in the steel 
strip 26 is reduced greatiy (overaging step D). 

To promote the overaging treatment, after the soaking step, the steel strip 26 is first slowly cooled in the slow 
cooling zone 13a down to a certain temperature Tg not higher than the A, transfonriation temperature (723 °C ), and 
25 is then rapidy cooled down to the overaging temperature in the rapid cooling zone 13b. This rapid cooling brings 
about a supersaturated condition in which, at the end point of the rapid cooling (temperature T g in Rg. 2), the solid- 
solution state carbon exists in the ferrite matrix In an amount exceeding the limit solubility of carlx)n allowable 
at the same temperature in the Fe - C equilibrium diagram. This supersaturated condition promotes precipitation of 
solid-solution state carbon into cementite during the overaging treatment. 
30 After the soaking step, as mentioned above, the steel strip 26 is slowly cooled in the first half of the primary 

cooling down to a certain temperature Tg not higher than the Ai transformation temperature. The purpose of this slow 
cooling. Is .to increase the amount of solid-solution state carbon in the ferrite matrix and to prevent deterioration 
of flatness of the steel sti-ip such as cooling buckle for achieving satisfactory operation. For those reasons from 
operational point of view, the upper limit of Ts is 700 "C. 
35 Also, as seen in Fig. 2, since Tg is the temperature to start the rapid cooling and would be of no significance if 

it is too close to the overaging temperature at which the rapid cooling is ended, the lower limit of Ts is 600 •C. 

Furttier, the upper limit of the rapid cooling end temperature Tg is equal to the upper Omit of the overaging start 
temperature and hence should be 450 **C, A cooling rate of the rapid cooling step carried out in the second half of 
the primary cooling, namely, in the rapid cooling zone 13b, is required to be not lower than 60 "C/sec, preferably 
40 not lower than about 80 "C/sec from a metallurgical point of view for achieving the aforesaid supersaturated 
condition. In other words, if the cooling rate is lower than 60 °C/sec, the amount of solid-solution state carbon in 
the steel sheet as a product would be too large and the product would be excessively hardened, thus deteriorating 
the workability during press forming (primary cooling step C). 

Then, the steel strip 26 after the overaging treatment is slowly cooled down to tiie room temperature In the final 
45 cooling zone 1 5 (final cooling step E). 

When producing a high strength steel sfrip, particularly a high strength steel strip of dual phase type In which 
martensite is mixed in the ferrite matrix, an annealing cycle is modified such that the steel strip 26 is heated to 
a temperature not lower than the A^ transformation temperature ( heating step A' ) and the heated steel strip 26 is 
kept at tiie same temperature in the soaking zone 12 to create a two-phase state of ferrite and austenite ( soaking 
50 step B* ), and is then slowly cooled In the slow cooling zone 13a before it is rapidly cooled down from the rapid 
cooling start temperature Ts in the rapid cooling zone 13b. Also, the rapid cooling end temperature T^ ' Is a 
temperature lower than the martensitic transformation temperature Mg (about 250 •'C though depending on chemical 
composition) so that austenite is efficientiy ti-ansformed into martensite. Accordingly, a lower limit temperature of T^ ' 
is 200 'C. If the cooling rate In the rapid cooling step is not sufficient, tiie cooling curve would be caught by the 
55 noses in the continuous cooling transformation diagram at which transformation into ferrite, peariite, etc. begins 
and then a part of austenite would be transformed into such phases, resulting in poor efficiency of the martensrtic 
transformation. From the above reason, tiie cooling rate of 60 ''C/sec is required In tiie rapid cooling step from a 
metallurcal point of view. In the case of attempting to further save the alloying components, it is desired that the 
cooling rate be not less than 100 •C/sec. This case is represented by one-dot-chain lines in Fig. 2. Specifically, 
the steel strip is rapidly cooled down to about 200 °C in a primary cooling step C , then *rt is subjected to a low- 
temperature holding step D* in the overaging zone 1 4, and thereafter transferred to a final cooling step E* . 

Accordingly, given the cooling rate being CR and the tiiickness of tiie steel strip 26 being t, a cooling ability of 
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the rapid cooOng zone 13b in the continuous annealing furnace 10a is required to meet the above-mentioned formula 
(1), considering that the steel strip 26 annealed in the continuous annealing furnace 10a usually has a thickness of 
about 1 mm. 

On the other hand, it is.known on tine basis of heat transfer theory that the heat transfer coefficient a (kcal/m^h'C ) 
Is expressed by the following formula (2). 

CR = k • a/t (2) 

where k is a constant. 

This formula (2) can be modified into the following formula (3). 

CRt=ka (3) 

Putting the formula (3) in the above formula (1) leads to the following fomiula (4). 

k ' a ^ 60 'Cmm/sec (4) 

Here, when the rapid cooling zone 13b is specified as the rapid cooBng apparatus 13c as shown in Rg. 3. a value 
of the constant k is determined. By putting this value in the formula (4), a value of the heat transfer coefficient a , which 
meets the condition of the formula (1 ), is given by the following formula (5). 

a^410kcal/m2hX (5) 

If cooling by water-gas mixture is employed in the rapid cooling step as mentioned before, the cooling which meets 
the formula (5) can be performed. However, since a thin oxide film is formed on the surface of ihe steel strip 26. 
steps such as light pickling, rinsing after the pickling, special treatment for improving phosphatability, and final 
rinsing are required in the post-treatinent after the annealing. This leads to a disadvantage of pushing up the 
facility cost. In view of the above, an attention was focused on a method of rapidly cooling the steel strip 26 by 
blowing jet streams of Inert atmosphere gas upon tiie steel strip 26. Table 1 lists ratios of cooling ability of 
various kinds of gas at 100 *C which can be used for the rapid cooling provided tiiat the cooling ability of a gas 
mixture of 95 % nitrogen (Nj) gas and 5 % hydrogen (H2) gas is determined to be 1. According to Table 1, a higher 
cooling ability can be obtained by using cooling gas that contains a higher concentration of H2 gas. This Is 
atti-lbutable to such a difference in value of the physical property that the thermal conductivity of H2 gas is about seven 
times that of N2 gas. 

Table 1 



Kind of Gas (100 "C) 


Ratio of Cooling Ability 


95 % N2 gas + 5 % H2 gas 


1 (reference) 


100 % He gas 


1.522 


100%H2gas 


1.725 


100% Ar gas 


0.666 



In Japanese Patent Publication No. Hel 2-16375, the applicant of the present invention previously proposed and 
used the reference gas shown in Table 1 which consists of 5 % H2 gas and the rest of gas as the cooling gas 
wherein the amount of H2 gas is held within the explosion limit Then, in the actual operation using such a cooling 
45 gas consisting of 5 % H2 gas and tiie rest of N2 gas, a high-speed gas cooling process is carried out by raising the 
blowoff speed of tiie gas from nozzle openings up to about 100 m/sec so that the cooling ability meeting the formula 
(6) below is achieved. 

CR • t = 30 to 50°Cmm/sec (6) 

In the present invention, as explained above, the cooling ability of the rapid cooling zone 13b is further 
increased so as to meet the previously mentioned fonnula (1), from the demand newly recognized from a metallurgical 
point of view. Taking into account that the cooling ability of the cooling gas consisting of 5 % H2 gas and the rest 
of N2 gas meets the above formula (6) and the cooling abil'ity of 100 % H2 gas is about 1.7 times that of the cooling 
gas consisting of 5 % H2 gas and the rest of N2 gas as shown in Table 1, it is considered that tiie above formula (5) 
can be met in theory by using 100 % H2 gas as the cooling gas. However, since the cooling gas is discharged in part 
by the exhaust blower 49 as shown in Fig. 8 and must be continuously supplied, an excessively high concentration 
of H2 gas would push up the operation cost of tiie overall facility. Additionally, it is also conceivable to employ 
He gas as presumed from Table 1 , but this method is not practical because He gas itself is too much expensive . 

Meanwhile, in accordance with the experimental formula found by the inventors based on pilot line test, the heat 
transfer coefficient a indicating a degree of cooling ability in ttie rapid cooling zone 13b is a function of tiie 
blowoff speed V of the cooling gas from the nozzles and tiie kind of the cooling gas, and is expressed by the 
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following formula (7). 

a = K • X* • V*» ( a > 0 and b > 0 ) (7) 

where 

x: variable depending on the kind of gas, 
V: blowoff speed. 



K, a and b : constant 



In the formula (7), the variable x depending on the kind of gas is increased when the H2 gas concentration increases 
in the mixture of N2 gas and H2 gas. resulting in larger heat transfer coefficient a, as shown in Table 1. On the other 
hand, as can be seen from the formula (7), because the heat transfer coefficient a is Increased at the higher blowoff 
speed V of the cooling gas, the cooling abifrty can be enhanced by increasing the blowoff speed of the cooling gas 

15 without using expensive 100 % H2.gas as presumed from Table 1. But if the blowoff speed of the cooling gas is 
increased above a certain value, the cost of electric power necessary for the blower operation is greatly raised 
and, at the same time, the steel strip 26 is apt to flutter. This tendency becomes more remarkable if the proportion 
of N2 gas having a larger specific gravity increases. This comes from the fact that the force causing the steel 
strip to flutter is most affected by or in proportion to kinetic energy of the blow gas. wherein the kinetic energy 

20 E of the blow gas is expressed by the following formula. 

E = y/2gv2 (8) 

where y is the specific gravity of the gas, g is the acceleration of gravity, and v Is the gas flow speed. 

If the steel strip 26 flutters, there arises a problem that the steel strip 26 may hit against, for example, the 
tip ends of the nozzles 36 and may suffer from scratches. To avoid such a problem, experiments for measuring the gas 
blowoff speed limit beyond which the steel strip 26 begins to flutter were carried out by using the apparatus as 
shown in Fig. 3. keeping the temperature of the cooling gas constant (100 'C ), and blowing the cooling gas 
containing various concentrations of H2 gas upon the steel strip 26. The measured results are shown in Fig. 9. The 
upper limit of gas blowoff speed preventing the steel strip fluttering is somewhat varied depending on the thickness 
t and tension of the steel strip. Also, by narrowing the spacing between the stabilizing rolls 25 shown in Fig. 3, 
the tendency of the steel strip fluttering is mitigated and, therefore, the blowoff speed of the cooling gas can be 
increased correspondingly. 

In addition, one factor affecting the condition of the above formula (1). js the temperature of the.copLing gas. In 
the rapid cooling apparatus 13c shown in Fig. 3, the cooling gas used for cooling the steel strip 26 is sucked 
through the suction duct 31 and then subjected to heat exchange In the heat exchanger 32. Since the water which is 
inexpensive Is employed as a coolant for the heat exchanger 32, the temperature of the cooling gas having passed the 
heat exchanger 32 is in the range of 80 - 150 *C. From an economical point of view in the field of rapid cooling, 
however, the temperature of the cooling gas Is preferably kept in the range of about 80 - 100 through more 
efficient heat exchange. It is further possible to additionally Install a refrigerator using fluorocarbon, ammonia 
or the like as a coolant in association with the heat exchanger 32 so that the temperature of the cooling gas can be 

^ kept in the range of 30 - 80 ''C. This enables the steel strip to be cooled more efficiently. 

Further more, if the concentration of gas in the cooling gas is lowered, the concentration of N2 gas is raised and 
the cost of the cooling gas used is reduced correspondingly because gas is inexpensive. On the other hand, 
however, if the concentration of H2 gas in the cooling gas is lowered, the concentration of N2 gas Is raised and the 
specific gravity of the cooling gas is increased to push up the cost of electric power consumed by the operation of 

^ the blowers and the like. Also, as inferred from Table 1, if the concentration of H2 gas in the cooling gas is raised, 
the heat transfer coefficient Is increased. Figs. 10 and 11 show respectively results of Experiment 1 and Experiment 
2 carried out for studying the operation cost for the rapid cooling zone while varying the concentration of H2 gas in the 
cooling gas under the conditions meeting the above formula (1). Although tiie heat transfer coefficient Is reduced as 
the amount of H2 gas in the cooling gas diminishes, such a reduction Is compensated for by increasing the blowoff 

^ speed of the cooling gas from the nozzles as shown In Table 2 below. 

Table 2 ■ 



55 



Experiment 1 


Experiment 2 


H2 gas concentration 


Gas blowoff speed 


H2 gas concentration 


Gas blowoff speed 


15% 


1 33 m/sec 


15% 


156 m/sec 


25 % 


125 m/sec 


... 25% 


146 m/sec 


50% 


1 06 m/sec 


50% 


123 m/sec 


75% 


1 00 m/sec 


75 % 


116 m/sec 
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Fig. 10 shows the operation cost for the rapid cooling zone 13b per ton of steel strip resulting on condition that 
a steel strip being 0.798 mm thick and 1300 mm wide is processed at 270 m/min and the temperature of the steel strip 
is rapidly cooled down from 675 °C to 410 "C. 

Fig. 11 shows the operation cost for the rapid cooling zone 13b per ton of steel strip resulting on condition that 
^ a steel strip being 0.633 mm thick and 1300 mm wide is processed at 260 m/min and the temperature of the steel strip 
is rapidly cooled down from 670 to 270 **C. In Figs. 10 and 11, a broken line represents the cost of the cooling 
gas, a one-dot-chain line represents the cost of electric power, and a solid line represents the total cost 

The operation cost Is minimized at the concentration of H2 gas In the cooling gas being about 45 % in the case of 
Fig. 1 0, and at about 55 % in the case of Fig. 1 1 . 
10 As can be seien in Figs. 10 and 11, the total operation cost for the rapid cooling zone including the cooling gas 

cost and the electric power cost is at the lowest level, when the concentration of H2 gas In the cooling gas is in the 
range of 30 - 60 %. 

Further more, the heat transfer coefficient a , resulting when cooling conditions such as the shape and array of the 
nozzles and the blowoff speed of the cooling gas are fixed, is calculated on the basis of the formulae (9) and (10) 
^5 below by using actual data obtained from the operational experiment for rapid cooling performed as shown in Fig. 12. 

a = At(i^.i2)/(ATe) (9) 

AT = (T,-T2)/ln(T, .Tg)/(T2-Tg) (10) 
where Ti : temperature of steel strip on the entry side, T2: temperature of steel strip on the delivery side, i^ : enthalpy of 
steel strip on the entry side, ij: enthalpy of steel strip on the deliveiy side, e : passing time of steel strip from the . 
entry side to the delivery side of rapid cooling zone, A: constant, t: thickness of steel strip, and Tg: temperature 
of cooling gas. 

Fig. 13 shows the heat transfer coefficient a calculated from the data obtained by variously changing the 
concentration of H2 gas with the blowoff speed of the cooling gas 130 m^ec and 1 00 m/sec in the experiment shown in 
Fig. 12. As can be seen firom Fig. 13, when the concentration of H2 gas exceeds 60 %, the heat transfer 
coefficient a is saturated. Accordingly, a significant Improvement in the cooling effect is not achieved even with 
the use of cooling gas having a concentration of H2 gas In excess of 60 %. 

Further, by applying the condition of the above formula (5), which was derived from the metallurgical 
requirements, to Fig. 13, it is found that the blowoff speed of the cooling gas should be not less than 100 m/sec 
and the concentration of Hj gas In the cooling gas should be not lower than 30 % to satisfy the above formula (5). 

From the results shown in Figs. 9 to 13, it is understood that the cooling ability capable of satisfying the 
condition of the above formula (1) is economically attained by using the codling gas containing H2 gas in the 
concentration of 30 - 60 %. In this range of H2 gas concentration, the maximum blowoff speed of the cooling gas under 
which the steel strip does not flutter is 115 - 150 m/sec, as shown in Fig. 9. However, a lower limit of the blowoff 
speed of the cooling gas meeting the above other cooling conditions as well as the above formula (5) is 100 m/sec. 
If the blowoff speed of the cooling gas is less than 100 m/sec, the cooling ability capable of meeting the above 
formula (5) could not be achieved. This can be construed as follows. In the prior art described in the above-cited 
Japanese Patent Publication No. Hei 2-16375, on the condition that the concentration of gas Is 5 % and the cooling 
gas speed is 1 00 m/sec, CR - 1 is In the range of 30 - 50 "C mm/sec. It is understood that If the concentration of H2 gas 
is increased to the range of about 30 - 60 % under the same condition, the cooling ability is enhanced so that CR • 
t can exceed 60 "Cmm/sec. This interpretation vAW also be apparent from Fig. 13. According to experimental results, 
when \he blowoff speed of the cooling gas is less than 100 m/sec, an immobile layer (sometimes called a boundary 
layer) adhering to the surface of the steel strip 26 in an immobile state tends to be formed and the heat transfer 
coefficient is reduced correspondingly. 

While the foregoing embodiment has been described in conjunction with specific numerical values for easier 
understanding of the present invention, the invention can be of course modified within the range not departing from 
the scope of the invention and any those modifications are also Involved in the Invention. 

Wrth the primary cooling method In continuously annealing steel strip according to the present invention, optimum 
cooling conditions satisfactory from the viewpoints of both cooling ability and economy can be achieved by properly 
50 selecting the H2 concentration, temperature and blowoff speed of the cooling gas. 

Furtiier, by setting the rapid cooling start temperature in the primary cooling as 600 - 700 'C, the rapid cooling 
end temperature as 200 - 450 "C, and the product of cooling rate and thickness of steel strip (CR • t ) as not less 
than 60 mm/sec, metallurgical requirements on the steel strip processing can be satisfied so as to effect more 
efficient overaging treatment for mild steel sheets and more effident transformation process for high strength 
55 steel sheets. 

Also, by employing the nozzles having circular hollow cross section and projecting toward tiie steel strip to blow 
the cooling gas upon the steel strip, and setting the distance between the tip ends of the circular hole nozzles and 
the steel strip to be not greater than 70 mm, the cooling gas blown from the nozzles at a high flow speed hits 
against the steel strip efficiently, whereby the steel strip can be cooled with high effidency without forming any 
immobile layer on the surface of the steel strip. 

In addition, tiie consumption of expensive H2 gas is greatiy saved by effecting the gas sealing between the rapid 
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cooling zone and the adjacent zones. As an anti-explosion system is established, gas in the concentration of 30 
60 %. which exceeds the explosion limit of H2 gas, can be used as the cooling gas in safety, as mentioned above. 



Claims 

1. A primary cooling method In continuously annealing steel strip comprising a heating step, a soaking step, a 
primary cooling step said primary cooling step Including a rapid cooling step at least in a second half thereof, 
an overaging step, and a final cooling step, being characterized in that 

inert atmosphere gas containing Hj gas in the concentration of 30 - 60 % vol. is employed as cooling gas for 
use in said rapid cooling step, the blowoff temperature of said cooling gas is 30- 150 'C, and the blowoff speed 
of said cooling gas is 1 00 - 1 50 m/sec. 

2. A primary cooling method in continuously annealing steel strip according to Claim 1, v/herein the start 
temperature of said rapid cooling step is 600 - 700 'C. the end temperature of said rapid cooling step is 200 - 
450 "C, and the relationship between a cooling rate OR TC/sec) in said rapid cooling step and a strip thickness 
t (mm) is determined to meet a following formula: 

OR • t ^ 60 **C mm/sec 

3. A primary cooling method in continuously annealing steel strip according to Claims 1 to 2, wherein said cooling 
gas is blown by employing a plurality of nozzles each having a circular hollow cross section and projecting 
toward said steel strip, and a distance between tip ends of said nozzles and said steel strip is determined to be 
not greater than 70 mm, 

4. A primary cooling method in continuously annealing steel strip according to Qaims 1 to 3, wherein a gas sealing 
is effected between a zone for rapid cooling step and adjacent zones, and a protection system against explosion is 
provided. 



Patentanspriiche 

1. Primari<Qhlverfahren beim Durchlaufgluhen von Stahlband mit einem Erwarmungsschritt, einem 
Ausgleichgluhschritt, einem PrimaricQhIschritt. wobei der Primari<Qhlschritt zumindest in seiner zweiten Halfte 
einen . SchnellkUhlschritt einschlieSt. einem Oberalterungsschritt und einem EndkQhlschritt, dadurch 
gekennzeichnet, dad 

ein Inertatmospharengas, das Hs-Gas in einer Konzentration von 30-60 Vol,-% enthait, als KQhIgas in dem 
SchnellkQhIschritt eingesetzt wlrd, wobei die Ausblastemperatur des KQhIgases 30 - 150°C und die 
Ausblasgeschwindigkeit des KOhlgases 100-150 m/s betragt. 

2. Primaricuhlverfahren beim DurchlaufglQhen von Stahlband- nach Anspruch 1. wobei die Anfangstemperatur des 
SchnellkQhIschritts 600-700"C. die Endtemperatur des SchnellkQhIschritts 200-450'C betrSigt und die Beziehung 
zwischen einer KQhlgeschwindigkert CR fC/s) in dem SchnellkQhIschritt und einer Banddicke t (mm) so festgelegt 
ist, da& sie diefolgende Formel erfQIlt: 

C • t^SO mm/s 

3. Primari<Qhlverfahren beim Durchlaufgluhen von Stahlband nach einem der AnsprQche 1 Oder 2, wobei das KQhIgas 
mit Hilfe mehrerer DQsen ausgeblasen wird, die jeweils einen kreisformigen hohlen Querschnitt aufweisen und zum 
Stahlband hin vorstehen, und wobei ein Abstand zwischen den Spitzenenden der DQsen und dem Stahlband auf 
nicht mehr als 70 mm festgelegt ist. 

4. PrimarkQhlverfahren beim DurchlaufglQhen von Stahlband nach einem der AnsprQche 1 bis 3. wobei zwischen 
einer Zone fQr den SchnellkQhIschritt und benachbarten Zonen eine Gasabdichtung ausgefQhrt wird, und ein 
Explosionsschutzsystem vorgesehen ist 



Revendications 

1. Proc6d6 de refroidissement primaire lors du recuit continu d'un feuillard d'acier, comprenant une 6tape de 
chauffege. une 6tape d'6quilibrage, une etape de refroidissement primaire, cette 6tape de refroidissement 
primaire comprenant une etape de refroidissement rapide au moins dans une seconde moitie de r§tape, une etape 
de sun/ieiliissement et une 6tape de refroidissement final, caracteris6 en ce que : 

un gaz inerte formant une atmosphere contenant H2 gazeux ^ une concentration de 30 ^ 60 % en volume est 
utilise comme gaz de refroidissement dans r§tape de refroidissement rapide. la temperature de d6charge du gaz de 
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refroidissement est comprise entre 30 et 150 X| et la vitesse de d^charge du gaz de refroidissement est comprise 
entre100et150 m/s. 

2. Precede de refroidissement primaire lore du recuit continu d'un feuillard d'acier selon la revendicatlon 1, dans 
lequel la temperature de debut de I'etape de refroidissement rapide est comprise entre 600 et 700 °C, la 
temperature de fin de I'etape de refroidissement rapide est comprise entre 200 et 450 *C, et la relation entre la 
^ Vitesse de refroidissement CR ("C/s) au cours de r^tape de refroidissement rapide et I'^paisseur t (mm) du 

feuillard est d^terminte afin qu'elle corresponde ^ Tequation suivante : 

CR t^60 **C mm/s 

10 3. Proc6d6 de refroidissement primaire lors du recuit continu d*un feuillard d'acier selon la revendication 1 ou 2, • 
dans lequel le gaz de refroidissement est souffle ^ I'aide de plusieurs buses ayant chacune une section 
■circulaire et depassant vers le feuillard d'acier. et la distance comprise entre les extremit^s des buses et le 
feuillard d'acier est determinee afin qu'eile ne depasse pas 70 mm. 

iS 4. Procede de refroidissement primaire lors du recuit continu d'un feuillard d'acier selon Tune des revendications 
1 d 3, dans lequel une etancheite au gaz est realises entre une zone utilisee pour I'etape de refroidissement 
rapide et des zones adjacentes, et un systdme antideflagrant est incorpor^. 
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Fig. 4 
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Fig. 12 
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